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The aim of this study was to offer a comprehensive description of 423 secondary school 
students' level of understanding of the three attributes deemed necessary for solving 
stoichiometry problems. The three attributes were proportional reasoning, mole concept 
and chemical equation. This study also investigated the students' ability to solve 
stoichiometry problems and whether the three attributes have any significant 
relationship with the ability to solve the stoichiometry problems from the perspectives 
of academic ability. The students were given an Achievement Test to answer the 19 test 
items which were divided into three sections of A, B and C and three items for problem 
solving in Section D. Section A tested the understanding of the proportional reasoning, 
Section B and C the understanding of the mole concept and the chemical equation 
respectively. Section D was to determine the ability to solve stoichiometry problems. 
Cross-sectional descriptive statistics method was employed and the data collected were 
analysed by frequency counts in terms of percentages. Correlational analysis and 
stepwise multiple linear regression were employed to determine the relationship 
between the three attributes with the ability to solve the stoichiometry problems. The 
findings suggested that students were unable to apply the proportional reasoning learned 
in mathematics to solving proportional reasoning in chemical equation. The level of 
understanding to the meaning of the mole concept related to number of particles and 
mass is on the average. Pertaining to chemical equation, the level of understanding is 
below average. Students found difficulties in balancing the chemical equation when the 
ratio of the coefficients of the reactants and products are not 1 : 1 and also poor in 
explaining the meaning of the coefficients in the chemical equation. The level of ability 
to solve the stoichiometry problems is also low among the students. However, with 
better understanding of the three attributes, the ability to solve the problems increases. 
Generally, the higher achiever students show better performance for all the sections. 
ANOVA comparisons of means and Tukey HSD test show there is no significant 
difference between the mean scores for the average and low academic ability students. 
A need for innovative and creative teaching materials seems essential to enhance the 
level of understanding of the three attributes and to overcome misconceptions students 
have of the attributes in order to increase students' ability to solve stoichiometry 
problems. 
ACKNOWLEDGEMENT 
Alhamdulillah, I wish to thank Allah the Almighty for His blessings and the opportunity 
given to me to achieve the dream that I dreamt for a long time, i.e. to get the elusive PhD. 
It has been such a long and challenging journey in order to complete this thesis. In my effort 
to complete this thesis, many individuals have played their parts in giving me the guidance, 
ideas, support, strength, inspiration and motivation. Without them, this thesis might not be 
completed. Therefore, I would like to take this opportunity to express my appreciation and 
gratitude to the individuals who have significantly helped me with this project. 
Firstly, I would like to express my sincere gratitude and thanks to my supervisor Assoc. 
Prof. Dr Beh Kian Lim, who had given me the guidance, ideas and patience while assisting 
me with the writing of this thesis. My gratitude and thanks also goes to co-supervisor Prof. 
Dr. Hjh Nor Aziah binti Hj Alias, Director of Academic Development, Academic Affairs 
Division. Although very busy with her job as Director, she helped me tremendously and 
with great patience in order for me to complete this thesis. I would also like to express my 
thanks to the lecturers at the Education Faculty in giving me constructive inputs and 
assistance. 
Secondly, my appreciation goes to my loving husband, Nik Mat bin Nik Man. He has been 
very supportive since the conception to further my studies at the PhD level. He has shown 
me the support, tolerance, love and given me the opportunity to achieve my dreams. A lot 
of sacrifices have been made by him. Therefore, I dedicate this victory to him. Lastly but 
not the least, I would like to thank my three children, Dr Nik Izyan Syaizana, Nik Ahmad 
Izwan and Dr Nik Ahmad Izany for being understanding and patient while their mother 
was busy with the research. Alhamdulillah. 
IV 
TABLE OF CONTENTS 
Page 
AUTHOR'S DECLARATION ii 
ABSTRACT iii 
ACKNOWLEGMENT iv 
TABLE OF CONTENT v 
LIST OF TABLES x 
LIST OF FIGURES xvi 
CHAPTER ONE: INTRODUCTION 1 
1.1 Background of Study 1 
1.2 Problem Statement 4 
1.3 Research Objectives 6 
1.4 Significance of Study 8 
1.5 Theoretical Framework 11 
1.5.1 Problem Solving 11 
1.5.2 Constructivism 14 
1.5.3 Understanding and Problem Solving 15 
1.6 Limitations and Delimitations of the Study 18 
1.7 Operational Definitions of Terms 20 
1.7.1 Stoichiometry 20 
1.7.2 Ability to Solve Stoichiometry Problems 20 
1.7.3 Proportional Reasoning 20 
1.7.4 The Mole 21 
1.7.5 The Chemical Equation 21 
1.7.6 The Level of Understanding 21 
1.8 Summary 21 
CHAPTER TWO: REVIEW OF LITERATURE 23 
2.1 Introduction. 23 
v 
